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ABSTRACT 
Disposal of municipal sewage sludge, especially in large metropolitan cities is emerging as a serious problem for 
urban authorities as sludge contains a high load of potentially infectious microorganisms that can be a serious 
threat to public health.  Radiation technology is recommended for sewage sludge disinfection, a dose of 6 KGy is for 
sewage sludge and a dose of 1 KGy for sewage water.   The gamma irradiation reduces the pathogens and organic 
pollutants drastically and reduces the availability of heavy metals uptake by the plants from the irradiated sludge. 
Sewage wastewater, treated with gamma radiation can be an important non-conventional water resource for 
irrigation. Sewage sludge generated from such water is a good source of organic fertilizer.  
Looking at the severe paucity of land for STP plants, unhygienic conditions in and around current STP plants, 
leading to increased incidents of communicable diseases and also odor nuisance from the sludge disposal sites.   
Shri Ram Institute for Industrial Research in collaboration with BARC proposes to build gamma irradiation based 
sewage treatment plant in Varanasi.  The author was involved in preliminary assessment of possibility of 
establishing a Gamma Irradiation unit in Varanasi which is still under discussion with relevant authorities. 
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I INTRODUCTION 
The Ganga basin accounts for a little more than one-fourth (26.3%) of the country‟s total geographical area and is 
the biggest river basin in India, covering the entire states of Uttarakhand, Uttar Pradesh (UP), Bihar, Delhi, and parts 
of Punjab, Haryana, Himachal Pradesh, Rajasthan, Madhya Pradesh, and West Bengal. The Ganga basin is bound in 
the north by the Himalayas and in the south by the Vindhyas. The main river stream originates in the Garhwal 
Himalaya (300 55‟ N, 7907‟ E) under the name of the Bhagirathi [1]. 
 Main stem of river Ganga houses a population with high density. In absence of proper sanitation, abstraction of 
surface and groundwater for irrigation and drinking purposes and partially treated domestic and industrial effluent 
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turns Ganga into a polluted river in the stretch from Kannuj to trighat in the state of Uttar Pradesh and also makes 
the water of river Ganga unfit even for bathing purposes. 
Table 1:  Total population (2011)  




Urban Population  
Uttarakhand  10,116,752  190/km
2
  30,91,169 (30.55%)  
Uttar Pradesh  199,581,477  828/km
2
  4,44,70,455(22.28%)  
Bihar  103,804,637  1,102/km
2 
 1,17,29,609 (11.30%)  
Jharkhand  1,150,038  720/km
2
  79,29,292  
West Bengal  91,347,736  1,029/km
2 
 2,91,34,060 (31.89%)  
Total  437,816,840(43.78 Crore)  96,354,585 (9.63 Crore) (22% )  
 
Major point sources of pollution in river Ganga are discharge of untreated/partially treated sewage from urban 
centers discharge from open drains carries sewage, industrial wastewater, returned storm water discharge from 
major tributaries discharge of untreated/partially treated/treated wastewater from industrial units. 
Water Quality of Ganga in Varanasi: located in Uttar Pradesh Lower Stretch (from Dalmau to Trighat): 
In this stretch the water quality can be defined as:  
 
  DO & pH - meeting the water quality criteria for bathing at all the monitoring locations.  
  Conductivity meeting the primary water quality criteria based on designated best use.  
  DO varies from 5.1-11.1 mg/l.  
  BOD ranges from 2.3-10.5 mg/l. The maximum value of BOD has been measured at upper stretch 
Vindhyachal (Mirzapur).   All the monitoring locations are exceeding the water quality criteria notified for 
bathing.  
 Faecal Coliform values range from 40-46000 MPN/100ml and not meeting the water quality criteria for 
bathing at all monitoring locations except upper stretch of Vindhyachal.  
 While the Total Coliform value ranges 110- 70,000 not meeting the criteria for category „C‟ of designated 
best use concept at all monitored locations. 
In Varanasi the water quality parameters were observed to be: DO 7.6 & 7.1 mg/l in upper and lower stretch, 
respectively, BOD 3.9 & 8 mg/l in upper and lower stretch, respectively, faecal coliform 8,000 & 40,000 /100ml in 
upper and lower stretch, respectively, and Total Coliform 13,000 to 58,000/ 100 ml, conductivity 250 & 
272µmhos/cm in upper and lower stretch, respectively.  In overall analysis, the River Ganga in lower stretch of Uttar 
Pradesh is highly polluted.   
The Government of India established the Ganga Action Plan in 1986 to lead the way in river pollution control 
programs. In 2009, the Government declared the Ganga a national river and established the National Ganga River 
Basin Authority. The National Mission Clean Ganga (NMCG)–the implementing agency under this Authority–is 
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now housed in the Ministry of Water Resources, River Development and Ganga Rejuvenation under the 
Government of India. The Mission Director is the chief executive of the NMCG. 
 At the state level in Uttar Pradesh, there is a state Project Management Group (PMG) chaired by the Chief Minister. 
It includes members from the State Ministries of Environment and Irrigation, the Uttar Pradesh Pollution Control 
Board and the state water commissions. The State PMG decides whom to select for work, and in most cases uses the 
Uttar Pradesh Jal Nigam (the state level sewage engineers) to execute wastewater project work.  The State PMG can 
outsource consultancy work and allocate projects to NGOs as well; although in all cases, it has allocated the 
wastewater engineering work to the Uttar Pradesh Jal Nigam. 
This sacred city requires a competent participatory authority to master plan, design, select the right scales and 
technology, construct, operate and effectively maintain a comprehensive wastewater collection, treatment and reuse 
system. 
 
1.1 Sewage Water 
Sewage wastewater, if properly treated, must be considered an important non-conventional water resource for 
irrigation. Sewage sludge generated from such water is a good source of organic fertilizer. However, treatments 
should be applied in order to achieve the following: pathogens disinfection, organic pollutants degradation, and less 
available heavy metals.  In addition, sewage sludge loading to agriculture land should be monitored as excessive 
application may result in nitrate pollution of the ecosystem. 
Raw sewage sludge and sewage water are considered to be a valuable source of plant nutrients and organic matter. 
However, it contain several pollutant which can adversely affect the environment (water resources, plants, soils, 
animal and human health). The continuation of using raw sewage water and effluent in irrigation could result in 
environmental pollution, which is reflected in the accumulation of the following dominant pollutants: 
1) Heavy metals (e.g. Cd, Pb, Ni, Co, Cr, Zn, Cu, Fe, Mn) which is found in soil, plant and water table. As such 
metals enter the food chain it creates hazards to animals and human health. In addition, heavy metals affect plant 
growth, soil microbial activity and soil fertility. 
2) Toxic organic compounds (e.g. detergents, pesticides, dyes, phenolic compounds, chlorinated hydrocarbons) 
which are biologically resistance to degradation, highly toxic and carcinogenic 
3) Harmful pathogens (parasites, bacteria, and viruses) which transit significance diseases to animal and human. 
4) Sewage water from industrial area are always mixed with industrial waste, in particular waste of nitrogen 
fertilizer factories contain high concentration of nitrate salts. The leached nitrate represents a hazard to the 
environment, human and animal health. 
Such pollutants could reach groundwater; through direct leaching from contaminated soil, human food; through the 
food chain, creating environmental and health problems. This situation started to cause governmental and public 
concern. 
 
1.2 Impacts of river pollution 
1.2.1. Waterborne illnesses 
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Waterborne diseases account for 80% of all health problems and one-third of all deaths in India and the developing 
world. 
In Varanasi alone, 66% of people who use Ganga‟s waters each year contract a waterborne illness such as typhoid 
and dysentery. As mentioned previously, fecal coliform levels are rising all throughout the main stretch of the river, 
contributing to the continued increase in these illnesses. 
 
1.2.2. Nitrate contamination in groundwater 
The ultimate result of groundwater contamination with mismanaged sewage is nitrate levels higher than the 
prescribed levels for almost the entire nation. 
 
1.2.3. Contamination of food and water lead to malnutrition and stunted growth 
According to data from the highly-regarded Demographic and Health Surveys, an international effort to collect 
comparable health data in poor and middle-income countries, high rates of open defecation in India statistically 
account for high rates of stunting in both socially advantaged and disadvantaged families living near sites of open-
defecation. “International differences in open defecation can statistically account for over half of the variation across 
countries in child height” 
 
1.2.4. Massive human rights violations 
Lack of access to clean water, right to worship and right to life are just some of the ways that the sewage waste 
pollution in Ganga is wreaking havoc. “If 90 school buses filled with kindergartners were to crash every day, with 
no survivors, the world would take notice. But this is precisely what happens every single day because of poor 
water, sanitation and hygiene (WASH)” (UNICEF) [2]. 
 
1.2.5. Subject of national disgrace 
Sullied waters do not just pose a serious public health and human rights crisis but also are an aesthetic insult that has 
become not only a national but an international disgrace to what Indian‟s regard as their most sacred Ganga River. 
This leads people from all over the world to regard many aspects of the rich Indian culture and tradition as confusing 
and contradictory. 
 
1.3 Status of Municipal Sewage Generation in Ganga River: 
There are 36 Class I cities and 14 Class II towns along the mainstream of Ganga.  Status of wastewater generation 
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Table 2: Wastewater generation and- treatment capacity (Source: CPCB 2013) 




Class - I (36) 2601.3 1192.4 
Class - II (14) 122 16.4 
Total 2723.3 1208.8 
 
Table 2 above indicates that there are fifty cities (Class I & Class II) discharging 2723.3 MLD wastewater out of 
which 1208.8 MLD has the treatment capacities i.e., 44 %. The contribution of class I cities is 96 % of total 
wastewater generation and the treatment capacity is almost 99 % of the total treatment capacity.  
Varanasi, the parliamentary constituency of PM Modi, alone generates approximately 400 MLD sewage out of 
which only 100 MLD is treated in three STPs, and the remaining untreated waste water finds a way to Ganga [3]. In 
Varanasi, there are three sewerage treatment plants in Dinapur, Bhagwanpur and Diesel Locomotive Works (DLW) 
with capacities of 80 MLD, 9.8 MLD and 12 MLD respectively.  Varanasi has five sewage pumping stations along 
the ghats, and one main sewage pumping station at Konia. The Konia pumps are supposed to pump up to 80 million 
liters of sewage per day to the Dinapur treatment plant located in the trans-Varuna neighborhood of Dinapur village, 
if they work at full capacity, however they rarely do. 
These STPs were constructed under the first phase of Ganga Action Plan (GAP-I). These treatment plants are based 
on activated sludge process (ASP). Under GAP-II, a sewage treatment plant of 140 MLD was to be built at Sathwa, 
while another STP of 37 MLD was to be built in Ramnagar area [4].   
In a survey conducted by the Japan International Cooperation Agency (JICA), the middle stretch of Ganga from 
Kanpur to Varanasi was found to be the most polluted. According to the report prepared under the Jawaharlal Nehru 
National Urban Renewal Mission (JNNURM), the quality of water in Varanasi is far below the IS standards.    
It is estimated that out of the total pollution load reaching the river stream, the load from point sources (urban 
wastewater and industrial effluent) is significantly high (94%), including 79% load from municipal sewage and 15% 
load from industries.  
Under Ganga Action Plan phase II, the UP Jal Nigam's (UPJN) had initially planned to establish two STPs (one of 
120 MLD under JNNURM and other of 140 MLD funded by Japan International Cooperation Agency) at Sathwa.  
Initially, the land acquisition department had been given Rs 3545.35 lakh to acquire 43.537 hectare land of 408 
farmers in 2010-11. However, strong protest by farmers did not allow UPJN to procure the required land.  
After failing to get the land to establish the STP based on Up-flow Anaerobic Sludge Blanket (UASB) process 
technology at Sathwa, UPJN decided to shift the STP of 140 MLD capacity to Dinapur, where its treatment plant 
was established under GAP I, the Ganga Pollution Control unit of UPJN decided to switch over to 'combi-treat-
improved sequential batch reactor' technology for the proposed STPs. The decision to change the technology was 
taken to reduce the land requirement and for better results than those achieved by conventional technology of 
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wastewater treatment.   The general manager of Ganga Pollution Control unit Ramesh Singh, said the agency cannot 
afford more delay in procuring land for the proposed STPs due to the threat of JICA stopping funds if project of 140 
MLD STP is not completed by 2015. However, shifting of the proposed STP of 140 MLD capacity from Sathwa is 
largely impossible as major works of laying sewer lines to take to the proposed STP had been completed.  The 
remaining works of laying trunk sewer line in 30 km area in main city and construction of rising main (pumping 
station) would start in a few months as tenders for it have already been floated.  
 
II SRI GANGA PROJECT 
Looking at the severe paucity of land for STP plants, unhygienic conditions in and around current STP plants, 
leading to increased incidents of communicable diseases and also odor nuisance from the sludge disposal sites.   Shri 
Ram Institute for Industrial Research in collaboration with BARC proposes to build gamma irradiation based 
sewage treatment plants at one of the locations viz. Sathwa and/or Dinapur, where UPJN is currently trying to build 
a conventional STP of 120MLD capacity.  Subsequently smaller projects will be initiated at other proposed locations 
at Ramnagar and Mughal Sarai.   
 
2.1 The Gamma irradiation Technology 
Worldwide, Gamma radiation has been used in sterilization of medical products and preservation of food. Gamma 
radiation and electron beams have been successfully used on sludge and wastewater treatment to eliminate 
pathogenic organisms and toxic organic chemicals. Sufficient data are available for gamma radiation treatment of 
sludge, permitting its application on commercial scale. [5]  
Several methods are available at present, and have been in use for a long time, for sludge stabilization and 
disinfection. These methods are aerobic digestion, anaerobic digestion, composting, liming and heat treatment [6]. 
Recently gamma radiation and electron beam has been introduced for sewage sludge stabilization. 
Brandon (1979) [7]  evaluated the different methods of sludge stabilization and found that aerobic and anaerobic 
digestion are not very effective in reducing pathogens, lime treatment requires that a high pH be reached and 
maintained, heat treatment is effective but is expensive and is energy intensive, composting requires all of the 
composting sludge reached  an adequate temperature for pathogens inactivation. It is obvious that irradiation of 
sewage sludge ensure the safe recycle of sewage sludge. 
 
2.2 Current Gamma irradiators worldwide 
Irradiation facilities for treatment of water have been constructed in many countries of the world.  The first large 
scale plant was the Geiselbullach Gamma Sludge Irradiator, constructed in Germany in 1973.  In India, the first 
sewage hygienization centre was commissioned in Baroda in 1992.  It was a joint effort of Bhabha Atomic Research 
Centre, Mumbai, Municipal Corporation of Baroda and M.S. University of Baroda.  The final objective is to treat 
entire sludge output of about 110 cubic meters per day.  Similar sludge treatment plants have been installed in 
Canada, USA, Japan, Norway and South Africa.  
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2.3 Advantage of using Gamma Radiation in Sewage Sludge Treatment 
The advantages of gamma irradiation are many, few are listed below: 
1) Excellent penetration power 
2) Environmentally clean 
3) Uniform dosage in materials 
4) Small energy consumption 
5) Neither toxic chemicals nor residual radioactivity are produced in the material 
 
2.4 Expected Mechanisms of Gamma Radiation Effect on Sewage Sludge 
Following are the mechanism by which gamma radiation can effectively hygienises the sludge: 
1) Degradation 
2) Oxidation 




2.5 Impact of Gamma Irradiation on various sludge components 
 
2.5.1 Pathogens.  This high quality sewage water (pathogen free) cannot be achieved by conventional method of 
treatment. Sewage water and sludge contains various harmful pathogenic organisms (bacteria, parasites and viruses).   
These pathogens are capable to induce several human diseases. Crop irrigated with sewage water and consumed 
uncooked represent health hazard. Pathogens that survive in the soil and/or in the crops and create such hazards.  
 
Table 3: Pathogenic organisms and their associated diseases 
 Becterial Pathogens Related Disease 
1 Salmonella Salmonellosis 
2 S. typhimurium Typhoid fever 
3 Shigella Shigellosis 
4 Enterococcus (Fecal Streptococci) Diarrhea 
5 E.Coli (Fecal Coliform) Diarrhea 
6 Vibro chloerae Cholera 
7 Camplyobacter jejuni Gastroenteritis 
 Parasites Related Disease 
1 Ascaris Lumbricoides  Ascariasis 
2 Taenia spp  Taeniasis and Cysticercosis 
3 Giardia Lamblia Giardiasis 
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4 Entamoeba histolytica Amoebic dysentery 
 Viral Pathogens Related Disease 
1 Hepatitis A Hepatitis 
2 Rotavirus Gastroenteritis and polio 
3 Reovirus Fever, respiratory infection 
4 Adenovirus Respiratory and eye infections 
 
The conventional method of sewage water treatment includes primary treatment (precipitation), secondary treatment 
(biological), tertiary treatment (chlorination) and digestion. Chlorination has been used in treating the effluent from 
conventional treatment plant. Chlorination may eliminate bacteria and amoeba cysts; however it can't influence 
enteric viruses and/or parasite eggs [8]. Chlorine does not penetrate into large particles, thus it can only be applied in 
purified sewage water. Chlorine can react with the organic residues in the wastewater to form hazardous substances 
which is carcinogenic. Wastewater chlorination in Europe and the USA has been replaced by UV-irradiation.   But 
in India it is still prevalent and rather major mode disinfecting the water. 
 
There is a worldwide interest in the use of ionizing radiation as a new method to eliminate pathogens in sewage 
sludge [9 & 10] and waste water.  The dosage of gamma radiation required for pathogens inactivation may vary with 
pathogen types, initial population, previous treatment and moisture content. A dose range from 3 to 10 Kgy has been 
reported as an adequate for sewage sludge disinfection. In the opinion of radiation scientists, 3-5 Kgy of ionized 
radiation is adequate to completely inactivate pathogens in sewage sludge [11].   
 Suess (1977) [12]  has reported a dose of 3 Kgy for sludge decontamination but Takehisa [13] (1980) and 
Hashimoto et al.,(1988)[14] found that 5 KGy is the appropriate disinfection dose for dewatered sludge, whereas El-
Motaium et al., (2000) [15] found that a dose of 1 KGy and 6 KGy are sufficient for disinfection of sewage water 
and sewage sludge respectively.   McCaslin and Sivinski (1980) [16] found that 1 M rad of gamma irradiation 
effectively destroys pathogenic bacteria and parasites in dried sewage sludge. 
Viability of Ascaris ova is an important criterion for safe sludge disposal. It has been chosen as indicator organism 
for inactivation studies. This is because an Ascaris ovum is the most resistant species to most forms of treatments 
[17] (Gaspard, 1995). A dose of 10 KGy is required by for Ascaris ova elimination from sludge [10] (USEPA 
(1993)).  Brandon (1978)[7]  indicated that 1 Mrad was a sufficient dose to ensure the inactivation of Ascaris eggs 
naturally present in digested sludge filter cake and in composted sludge. 
The reduction of pathogens in sewage sludge by radiation is a function of the absorbed dose and may be described 
by a first order reaction equation.   Chang (1997) [18] has reported the mechanism by which gamma radiation 
inactivate pathogens. He concluded that gamma radiation induces ionization in biological tissue resulting in the 
production of free radicals that cause denaturation of cell protoplasm and damage of membranes and cell walls 
causing lysis. Protoplasm damage causes inactivation of most pathogens, being single-cell organisms.  
The formation of free radicals is given by the following reaction [19]: 
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2H2O + hv = H + 2 .OH 
or H + H O 
or 2H. + H O 
Chain reactions 
.OH + H2 = H2 O + H. 
H. + H2O2 = H2O + .OH 
Combination reactions 
H. + O2 = HO2 
.OH + H2O2 = H2O + HO2 
HO2 + HO2 =H2O2 + O2 
Presence of oxygen is important in the process as the oxygen is a known radio-sensitizer which helps in fixing the 
radiation damage done to cells thereby inhibiting their self repair mechanism and resulting in inactivation of the 
microorganism [11].  As a result, small molecules may be broken into shorter chains and/or so activated that the 
potential for chemical reactions is increased. 
In the connection the electron also produce ozone, peroxide, hydroxide ions, and oxygen ions in even pure water. 
These products of irradiation are very strong oxidants due to ionization and absorption of energy into the molecular 
chain structure and breaking molecular structures [20]. 
 
2.5.2 Toxic Organic Pollutants 
A large number of persistent organic pollutants (POP) exist in sewage sludge. They can persist through treatment 
such as anaerobic digestion. These persistent compounds are hydrophobic and they bind to soil organic matter. 
There is a large range of hydrophobicity and volatility involved [21]. Examples of toxic organic compounds are 
(chlorinated hydrocarbons "PCBs", polycyclic aromatic hydrocarbon "PAH", phenolic compounds, dioxins, 
phthalates and surfactants). These compounds are very toxic, carcinogenic and highly resistant to degradation. They 
can enter soil and plant through sewage sludge application to agricultural land [22] and even non-polar ones, can be 
assimilated by intact plants or in-vitro cell culture system [23]. The amount taken up by plant depends on plant 
species and the physico-chemical properties of the compound [23].  
 Polychlorinated biphenyl (PCBs) is one of the most important xenobiotics persistant pollutant in the environment 
[24].  Polychlorinated biphenyls (PCBs) are industrial compounds. Although the production of PCBs was stopped in 
most of the industrial countries, PCBs still belong to the most important pollutants in the environment due to their 
persistence [25]. Plant uptake of PCBs can occur through two path ways the root system or atmospheric deposition 
[26 & 27]. The lipid soluble class of these compounds are the most dangerous when ingested by animals or humans 
[28]. In raw or digested sludge, the concentration of PCB types should be highest in the lipid phases. 
 PAHs are non-polar and hydrophobic compounds that are difficult to mobilize due to their low water solubility. 
Solubility decreases as the number of rings increases. They are lipophilic and accumulate in soils by binding to 
organic matter. These compounds exist in the environment due to human activities. Their main sources are 1) 
combustion of organic materials such as wood 2) combustion of synthetic organic materials such as gasoline. They 
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are components of petroleum (crude and refined) coal. They released to the soil via solid byproduct, to the aquatic 
environment via oil spill and to the air via combustion of organic materials as airborne particulates. The lowest 
molecular weight compound in this group is naphthalene and the highest is graphite [29]. Human can be exposed to 
PAHs via air, water and food. The main reason for the concern about PAH in the environment is the fact that some 
of them can cause cancer in human.  Fluoranthene is one of the most abundant PAHs that have been detected in air, 
water, soils, sediments and even in biota including man. 
 Phenolic compounds such as Pentachlorophenol (PCP) have been used as wood preservatives and as herbicide in 
rice due to its antimicrobial, herbicide and insecticide properties. There is concern on the possible transfer of 
PCDD/Fs (e.g. pentachlorophenol,PCP) and PCBs from sludge into human food chains [30 & 31]. The source of 
PCDD/Fs in sludges is atmospheric deposition followed by runoff. In contrast, Horstmann and McLachlan (1994) 
[32]  identified household (laundry wastewater) wastewater as a more important source of PCDD/Fs than runoff. 
Pentachlorophenol (PCP) is a priority organic pollutant that is mainly used as a fungicides and insecticide in 
commercial wood treatment [33]. The use of PCP has lead to its widespread in air, food, sediment [34], water, and 
municipal sewage sludge [35]. The lowest PCP concentration that causes significant decrease in rhizobial population 
was 120 mg PCP Kg-1 soil. POP accumulate in the soil, but the persistence varies between different groups and 
specific compounds within each group, it increase generally in the order: PCBs>CBa>PAHs>PCDD/Fs [21]. 
Pandya et al., (1989)[36]  in their study on Chickpea (Cicer arietinum) found that plant grown in gamma irradiated 
sludge have higher growth and yield than those grown in unirradiated sludge. They suggest that gamma radiation 
induced inactivation of toxic substance(s) in sludge. 
 The effect of ionizing radiation on water results in the formation of hydroxyl radicals (OH.) and solvated electrons 
(e-aq, H.). Therefore, gamma radiation can be used to study the effect of free radicals species on solutes or 
pollutants in water. 
Research conducted by (M.I.T.) [28] demonstrate that trace amounts of polychlorinated biphenyls (PCBs) in pure 
water and of water-dissolved herbicide of the urea type-monuron were 96% destroyed using dosages as low as 10 
Krad. Their destruction was explained by the attack of hydroxyl radicals (OH.) formed by dissociation of water 
molecules by the ionizing electron energy. 
 
2.5.3. Radiation-Treated Sludge as Biofertilizer 
It has been found that raw sludge could not support Rhizobium growth [37]. There are limitations in using acid- or 
alkali-treated sludge as a biofertilizer, because it could affect the fertility of the soil. Experiments were carried out to 
study the growth of Rhizobium leguminosarum in irradiated liquid sludge. Irradiated sludge was found to support 
the growth of Rhizobium very well. Rhizobium sp is well known for its nitrogen fixing abilities using atmospheric 
nitrogen [38& 39].  
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Fig. 1.  The hygienised sludge is an ideal medium for inoculating bacteria like Rhizobium. (Source: BARC). 
 
2.5.4  Heavy Metals 
Sewage wastewater and sludge, particularly when mixed with industrial waste, contain a large amount of potentially 
toxic metals such as Hg, Cr, Pb, Cd, Ni, Co, Cu, Zn, Fe, Mn. Heavy metals exist in different forms (water soluble, 
exchangeable, organically complexed, adsorbed in organic sites, occluded or held in primary minerals). These forms 
differ in their mobility in soils and extractability by plants. 
Several metal uptake studies have shown that, the water soluble fraction of metals, such as cadmium, lead, mercury 
and chromium that can be accumulated by living plants and thus enter the animal and human food chain. Some of 
these heavy metals are essential plant nutrients (Fe, Cu, Mn, Zn) while others (Cd, Pb, Cr, Hg) are not. The heavy 
metals have no known beneficial physiological function and are considered toxic to plant. 
Cadmium is toxic to human and animals. Cadmium toxicity affects primarily kidneys thus disturb P & Ca 
metabolism, other organs can also be affected (e.g. cause bone diseases). Lead is of primary health concern. The 
effect of lead toxicity in human health is through causing brain damage. The main source of toxicity by lead is from 
direct ingestion of soil by humans and grazing animals. 
 Very few studies have addressed the topic of the effect of irradiation on the bioavailability of heavy metals. Based 
on work of Massachusetts Institute of Technology, they concluded that electron disinfection dosage does 
significantly reduce the water-soluble fraction of several potentially toxic metals [28]. This effect would tend to 
render metals less available for plant uptake. They suggest that electron treatment can bind water-dissolved metals to 
sludge components. Some workers in the U.S. have claimed decreased solubility of metals in irradiated sludge [40]. 
In the same line, Ahlstrom (1985) [41] found that irradiation did not increase the extractability and plant uptake of a 
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III PROPOSED GAMMA IRRADIATION PLANT 
 The design and maintenance of the Gamma irradiation plant will be done by BARC.  The gamma irradiation can be 
used either to directly irradiate sludge in slurry form, similar to the current practice at the Vadodara Gamma 
irradiation plant which irradiates slurry with almost 80~95% water.    But alternatively we can irradiate only the 
semi-dry/ dry sludge in order to save energy and to have a faster process.    
The rough sketch of the of the design has been given in the Fig. 2 below: 
 
 
Fig. 2.  Municipal Sewage Treatment Plant with sludge Irradiation Facility (Source: BARC) 
IV CONCLUSION 
Radiation sterilization using gamma radiation from Cobalt - 60 source is a well established industrial process in 
India.  One such facility is also available at Shriram Institute for Industrial Research, Delhi. Dry sludge can be 
hygienised using same technology and in a similar process. An irradiation plant can be integrated to STP or could be 
located at a different place to serve as central facility for other STPs in the region. City like Vadodara of 2.2 million 
population generates about 100 tons of dry sludge at STPs from 300 millions liters of sewage everyday.   Looking at 
the severe paucity of land for STP plants in various cities, unhygienic conditions in and around current STP plants, 
leading to increased incidents of communicable diseases and also odor nuisance from the sludge disposal sites.   Shri 
Ram Institute for Industrial Research in collaboration with BARC proposing to build gamma irradiation based 
sewage treatment plants at one of the locations viz. Sathwa and/or Dinapur, where UPJN is currently trying to build 
a conventional STP of 120MLD capacity.  Subsequently smaller projects will be initiated at other proposed locations 
at Ramnagar and Mughal Sarai.   
 The sludge will be dried and sold as organic manure. The Vadodara Gamma Irradiation facility has 100% utilization 
of the compost so produced.  Through these two processes partial cost of running the irradiation plant will be 
recovered. 
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